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ABSTRACT. The cow-calf beef production sector in Brazil has a wide variety of operating systems. This
suggests the identification and the characterization of homogeneous regions of production, with consequent
implementation of actions to achieve its sustainability. In this paper we attempted to measure the perfor-
mance of 21 livestock modal production systems, in their cow-calf phase. We measured the performance
of these systems, considering husbandry and production variables. The proposed approach is based on data
envelopment analysis (DEA). We used unitary input DEA model, with apparent input orientation, together
with the efficiency measurements generated by the inverted DEA frontier. We identified five modal pro-
duction systems typologies, using the isoefficiency layers approach. The results showed that the knowledge
and the processes management are the most important factors for improving the efficiency of beef cattle
production systems.
Keywords: Data Envelopment Analysis, Production Systems Characterization, Beef Cattle.
1 INTRODUCTION
Agribusiness is responsible for 25% of Brazilian GDP, 8% represented by livestock (CEPEA,
2009). Within this sector, the beef complex is consolidated as an important link in the production
and international trade: Brazil is the largest exporter and the second largest producer of beef.
*Corresponding author1Brazilian Agricultural Research Corporation, Embrapa Sede – SGE, Parque Estac¸a˜o Biolo´gica, Av. W3 Norte final,
70770-901 Brası´lia, DF, Brazil. E-mail: eliane.gomes@embrapa.br2Embrapa Pantanal, Rua 21 de Setembro, 1880, 79320-90 Corumba´, MS, Brazil. E-mail: urbano@cpap.embrapa.br3Fluminense Federal University, Production Engineering Department, Rua Passo da Pa´tria, 156, 24210-240 Nitero´i, RJ,
Brazil. E-mail: jccbsmello@id.uff.br4Center for Advanced Studies on Applied Economics, Av. Pa´dua Dias, 11, 13400-970 Piracicaba, SP, Brazil. E-mail:
tbcarval@cepea.org.br5Center for Advanced Studies on Applied Economics, Av. Pa´dua Dias, 11, 13400-970 Piracicaba, SP, Brazil. E-mail:
sergdzen@esalq.usp.br
“main” — 2012/8/18 — 14:31 — page 390 — #2
390 UNITARY INPUT DEA MODEL TO IDENTIFY BEEF CATTLE PRODUCTION SYSTEMS TYPOLOGIES
Thus, the study and the evaluation of beef cattle production systems are important tools for
enhancing the performance of this sector. However, the studies about these systems and their
productive performance, in the different Brazilian regions, are scarce (Arruda & Sugai, 1994).
The beef cattle production systems can be defined as the set of technologies and management
practices, animal type, purpose of creation, race or racial grouping and ecological region where
the activity is developed (Euclides Filho, 2000).
The central structure of the beef cattle production chain is the biological system of beef produc-
tion, which includes the different stages of creation (cow-calf production, stocker production,
feedlot beef production) and combinations, around which the producers are grouped (Cardoso,
1994). In Brazil, the cow-calf phase occurs predominantly in an extensive continuous grazing,
with native and/or cultivated pastures, encompassing calves (until weaning or even one year old),
cows, heifers and bulls.
Taking into account each phase of the beef cattle production systems and based on a cost-benefit
analysis, it can be concluded that the cow-calf phase is the less profitable activity and the one
that has the greater risk. However, it supports the entire structure of the production system and,
according to Euclides Filho (2000), all technological investment that can improve efficiency will
benefit the whole productive chain.
The systemic view has an undeniable importance in agriculture, although it is not yet sufficiently
established in the Brazilian agricultural research. The aim of this study is to evaluate the per-
formance of extensive livestock modal production systems in its cow-calf phase. We intend to
measure the performance of these systems in some Brazilian municipalities, considering hus-
bandry (zootechnical) and production variables, which have a direct impact on the income of the
system. Additionally, we intend to identify types, or typologies, of some modal systems. We use
data envelopment analysis (DEA), with unitary input and apparent, but false, input orientation.
This is a DEA use as a multicriteria tool. The typologies are obtained according to the so called
isoefficiency layers.
Typology is a theoretical construction based on a set of hypotheses about the structure or behav-
ior of a system. It takes into account the diversity of components and their interrelationships. It
is a categorization method based on the most important variables that compose the systems. In
agricultural sciences, typologies have been used to support the characterization of the main pro-
duction systems put in place by farmers in a given geographic area. The typologies of livestock
production systems are based on the availability of production factors, qualitative information,
and socio-economic, environmental and animal husbandry parameters. In the literature we can
find different approaches to address this problem, focused on livestock systems (Halberg et al.,
2005; Castaldo et al., 2006; Severo & Miguel, 2006; Teixeira & Silva, 2007; Gaspar et al., 2009;
McDermott et al., 2010; Abreu et al., 2011) or not (Gomes et al., 2005; Laoubi & Yamao, 2009;
Braito et al., 2011).
The paper is organized as follows. After this brief introduction, Section 2 describes the data
source. In Section 3 we present the DEA models general aspects, as well as the specific model
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selected for this case study. Then we present the proposed modeling, and the results are discussed
in Section 5. Section 6 presents conclusions, followed by the bibliographic references cited
throughout the paper.
2 DATA SOURCE
This paper and its findings are part of a project that aims at the diagnosis of the current situation
of beef cattle production systems, featuring the agro-ecological and the socio-economic context
where they belong to.
We evaluated 21 beef cattle modal production systems that performed only the cow-calf, in seven
Brazilian states. Data were collected in the municipalities of the following states: Mato Grosso
do Sul – MS (eight), Goia´s – GO (four), Rio Grande do Sul – RS (one), Minas Gerais – MG
(four), Tocantins – TO (two), Sa˜o Paulo – SP (one), Bahia – BA (one).
Panels were performed for collecting data, according to the methodology described by Centro
de Estudos Avanc¸ados em Economia Aplicada (CEPEA, 2010). The primary data collection via
the panel system allows the definition of representative properties, as described in Plaxico and
Tweeten (1963). In the case of studies regarding rural production units, the same authors suggest
the representative farm system as the ideal one. However, some definitions and assumptions
should be adopted, the features must be constantly revisited and the production data often revised
to reflect the technological advances.
The panel is an information retrieval procedure less costly than the census or the sample of
farms. Another advantage is that it provides greater flexibility and versatility in the data updating,
without compromising their quality.
The technique consists of a meeting with a group of one or more researchers, regional technicians
and five to ten farmers (usually eight farmers, on average). Meetings are scheduled in advance
by the rural unions and/or regional contacts. Themes and variables are previously determined in
interviews with local technicians, and are then discussed with the farmers.
Despite the difficulty of characterizing a single property and a production system that is repre-
sentative of the locality under study (here the city), the method seeks, through the experience
of the participating famers, to characterize the property that is most commonly found in the re-
gion (Carvalho et al., 2008). In some areas, the impossibility of determining that typical farm
imposes the choice of more than one property or production system as being the representatives.
The implementation of the panel follows four main steps:
a) Step 1: Survey of production technical coefficients and regional information;
b) Step 2: Visit to the properties;
c) Step 3: Spreadsheets formatting;
d) Step 4: Panel execution.
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The information obtained in Steps 1 and 2, referring to the operational processes that determine
the production costs and the productivities, will be filled in the spreadsheets to facilitate Step 4.
The facilitators use a laptop computer and a device designed to project the sheets previously
prepared (Step 3), so that all participants can interact, Different technical coefficients (quantity
of inputs), price and frequency of use are presented to the group that discusses and refines the
information. At the end of this debate, one can say that any characterization of the typical
property in the region has the backing of the farmers. As a result, the productivity rates, costs of
deployment, fixed and variable costs, i.e. all the figures resulting from the panel, tend to be quite
close to the regional reality.
It is noteworthy that the rates and costs reported by each participant will not be related to their
properties, but with a single farm, declared at the beginning of the panel as the one that best
represents the size and the production systems of most of the local properties (Carvalho et al.,
2009).
A preliminary analysis of the results of these panels, using multivariate techniques in order to
classify the different modal systems, can be seen in Abreu et al. (2010). The authors identified
six out of 18 variables as those that characterized the beef cattle modal production systems per-
forming the cow-calf phase, namely, calving interval, offspring produced, age of cow at culling,
multiparous cows birth rate, and cow replacement rate. These six variables were the basis for the
study here presented.
3 DATA ENVELOPMENT ANALYSIS (DEA)
3.1 General aspects
DEA is an efficiency analysis approach based on mathematical programming models. Its goal is
to calculate the efficiency of productive units, called decision making units or DMUs, knowing
the level of resources used and the results obtained.
DEA optimizes each individual observation, in order to estimate a piecewise linear efficient
frontier, composed of the units with the best practices in the evaluation sample (Pareto-Koopmans
efficient units). These units are the reference or benchmarks for the inefficient ones.
The two most popular DEA models are the CCR (Charnes et al., 1978) and the BCC (Banker
et al., 1984). The CCR model assumes the hypothesis of constant returns to scale. The BCC
model imposes variable returns to scale i.e. replaces the axiom of proportionality by the ax-
iom of convexity. Traditionally there are two possible radial orientations to these models in the
quest for efficiency frontier: input-oriented, when one seeks to minimize the resources remain-
ing unchanged the production levels, and output-oriented, which implies increasing the products
without changing the amounts of inputs used.
Model (1) represents the linear form of the input-oriented DEA CCR multipliers (a) and envelope
(b) formulations. In (a), h0 is the efficiency of DMU 0 under consideration; xik is the input i ,i = 1 . . . r , of DMU k, k = 1 . . . n; y jk represents the output j , j = 1 . . . s, of DMU k; vi is
Pesquisa Operacional, Vol. 32(2), 2012
“main” — 2012/8/18 — 14:31 — page 393 — #5
ELIANE GONC¸ALVES GOMES et al. 393
the weight for input i ; u j is the weight assigned to output j ; xio and y jo are the inputs i and theoutputs j of the DMU 0, respectively. In (b), h0 is the efficiency of the DMU 0 under evaluation.Note that the linear programming problems (a) and (b) are dual, and thus have the same objective
function value, i.e. h0 = θ0 ∙ λk is the contribution of DMU k in the calculation of the target ofDMU 0 (the units with non-zero λk are the benchmarks of the DMU 0).
The BCC, in its primal and dual formulations, can be obtained from the model (1), adding the
convexity constraint to the envelope model – ∑k λk = 1 – and the scale factor to the multipliersmodel.
Max h0 = ∑
j
u j y j0 Min θ0
subject to subject to∑
i
vi xi0 = 1 (a) h0xi0 −∑
k
xikλk ≥ 0, ∀i (b)
−
∑
i
vi xik +∑
j
u j y jk ≤ 0, ∀k −y j0 +∑
k
y jkλk ≥ 0, ∀ j
u, v ≥ 0 λk ≥ 0, ∀k
(1)
In order to model and to interpret correctly DEA results it’s necessary to know the properties of
their models. Two of the most important are (Gomes et al., 2009b):
– In any DEA model, the DMU that presents the best (output j )/(input i ) ratio will always be
efficient. This property requires checking the existence of a causal relationship between
each input and each output. Ignoring this relationship can lead to meaningless results
(Gomes et al., 2009a, 2009c).
– The chief property of the CCR model, which in its fractional form is a homogeneous
function of degree zero, is the proportionality between inputs and outputs at the frontier.
This has the consequence that the increase (decrease) in the amount of inputs, causes a
proportion increase (decrease) in to the value of the outputs.
3.2 Unitary input DEA model
The case study of this paper was based on a previous study, in which the variables were selected
by means of multivariate methods to characterize beef cattle modal production systems. By
analyzing these variables we noticed that they are secondary variables, in the sense that they are
rates or combinations of primary variables. In this kind of situation, we do not have a classic
production model – resources × products – to be modeled by DEA. These variables can be seen
as the result of the productive system, which already include the possible resources (technology).
In this case, DEA should be modeled only with outputs, which would cause mathematical impos-
sibilities, as discussed in Lovell & Pastor (1999). To overcome this difficulty, we can consider a
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DEA model with outputs and a single unitary input. This model would be equivalent to an addi-
tive multicriteria model, with the particularity that the alternatives, here DMUs, assign weights
to each criterion, here outputs, ignoring any decision-maker value judgment. That is, the DEA is
used as a multicriteria tool, not as a classic efficiency measure technique.
Caporaletti et al. (1999) interpret this situation as a multiattribute model. This model is shown
in (2). Max h0 = ∑
j
u j y j0
subject to∑
j
u j y jk ≤ 1, ∀k
u j ≥ 0, ∀ j
(2)
Soares de Mello et al. (2008a, 2008b, 2008c, 2009b) showed that this model resembles the
input-oriented CCR model. However, the dual of model (2), presented in (3), does not allow
the reduction of inputs interpretation, and is therefore immune to the common criticism that this
model tries to reduce an input that is constant.
Min ∑
k
λk
subject to∑
k
y jkλk ≥ y j0, ∀ j
λk ≥ 0, ∀k
(3)
Additionally, it can be shown that the variable returns to scale model does not make sense in this
case. In fact, from model (3) it can be obtained model (4), by adding the convexity constraint. It
is immediate to verify that the only feasible value for the objective function of this model is 1.
Thus, its adoption would make all DMUs efficient, which is nonsense for evaluation purposes.
Min ∑
k
λk
subject to∑
k
y jkλk ≥ y j0, ∀ j∑
k
λk = 1
λk ≥ 0, ∀k
(4)
Applications of such models can be found in, for example, Thompson et al. (1986); De Koeijer
et al. (2002); Cook (2004); Soares de Mello & Gomes (2004); Souza & Souza (2007); Gomes et
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al. (2008) and Soares de Mello et al. (2009a). A similar model, replacing the DEA constraints
by the multicriteria constraint that the weights sum must equal one, can be found in Bana e Costa
& Oliveira (2012); Lacerda et al. (2011) and Gomes et al. (2008).
3.3 Inverted frontier
By allowing each DMU to choose its own set of weights, DEA becomes a benevolent evaluation
technique. In its original formulations it’s allowed the assignment of zero weights to the mul-
tipliers, as well as ties for the efficient DMUs. Because of this last feature it is impossible to
obtain complete rankings of efficiency measures, and increasing discrimination in DEA has been
studied in the literature. Angulo Meza & Lins (2002) and Adler et al. (2002) present a review of
models for increased discrimination in DEA. Angulo Meza & Lins (2002) divide these models
into two major groups: models that incorporate the decision-maker a priori information (weight
restrictions, for example), and models that do not use this information in its calculation (super
efficiency, cross-evaluation, among others).
The inverted frontier is an approach that fits within the second set of methods. It was originally
proposed by Yamada et al. (1994) and Entani et al. (2002), and it considers inputs as outputs
and vice versa. There are two interpretations for this situation: this frontier is composed by
the DMUs with the worst management practices (pessimistic assessment), or the DMUs that are
on the inverted frontier have best practices according to an opposite point of view. The second
interpretation is used by Lins et al. (2005) for real estate appraisals.
Angulo Meza et al. (2005a) and Soares de Mello et al. (2008c) have used the first interpretation
to propose an alternative approach to discriminate efficient DMUs. These authors developed an
index that combines the two efficiencies (concerning to the original and to the inverted frontiers),
called the composite index. According to Soares de Mello et al. (2008c), a DMU is considered
really the best if it not only has good performance in the variables on which it is better (classic
frontier), it also should not have a bad performance on the criterion that it is worse (inverted
frontier). This composite index is calculated by the arithmetic average between the efficiency in
relation to the original frontier and the inefficiency (1 – efficient) regarding the inverted frontier.
Some alternatives for calculating the composite index can be seen in Pimenta and Soares de
Mello (2005) and Souza et al. (2007). This technique has been applied in many situations where
it is necessary to increase discrimination. Examples can be found in education (Milioni et al.,
2011) and air transport problems (Lima et al., 2011), for instance.
4 MODELLING
In order to structure any DEA model it is necessary to define the units to be evaluated (DMUs),
the variables to be the modeled (inputs and outputs) and the specific DEA hypotheses (CCR,
BCC, among others; input-oriented, output-oriented etc.).
The structuring of the problem may also consider the reference literature on the subject. We can
state that it is recent the use of DEA models for modeling and evaluating the efficiency of beef
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cattle production systems in Brazil (Gomes, 2008). Abreu et al. (2006) analyzed the efficiency
of a cattle production system in the Pantanal of Corumba´, where technologies have been imple-
mented over eight years (1995-2002). They took into account information on ten inputs spending
categories and one output category. The authors used principle components multivariate analysis
with the aim of reducing the number of input variables. The methodology identified the sources
of inefficiencies in terms of unnecessary supplies expenditures, a fundamental aspect for the pro-
ducer when making decisions. Additionally, the analysis enabled the evaluation of efficient years
in relation to the inefficient ones, so that the efficient years were benchmarked for adopting new
practices, improving livestock management and balancing the inputs spendings.
With the same economic data recorded during the above mentioned period, Abreu et al. (2008)
evaluated two approaches for choosing variables for the DEA analysis: the first was a variant
of the multicriteria variable selection method, which combines the conflicting goals of decision
units better ordering and higher average efficiency, and the second includes multivariate statistics
techniques. In both models (with six inputs and one output, and three inputs and one output,
respectively) the efficiency results were analyzed over the classical and inverted DEA frontiers,
beyond the composite index that combines both results. The best model, as assessed by linear
trend analysis, was obtained with the proposed variant of the multicriteria variable selection
method, whose composite index resulted in significant estimates of the regression (0.046) and
determination (0.700) coefficients.
Gomes et al. (2011) evaluated the economic and the socio-environmental performance of 21
beef cattle modal production systems that perform only the raising phase, the same DMUs that
are considered in this paper. The authors implemented two DEA BCC models following two
different approaches. The economic model measured the ability of a production system to gen-
erate revenue with the preservation of native forest, using labor, capital and current spending. In
the socio-environmental approach, the production factor “labor” was modeled as an output, and
the interest was to assess whether the capital costs generate economic, environmental and social
benefits. Weights restrictions were imposed on the output variables of each model to explain
the proposed approaches and to avoid inconsistent results. The results pointed out sources of
inefficiency in terms of labor with low qualification, and use of questionable quality bulls, which
are common in extensive systems. The authors state that these are some of the major bottlenecks
in animal production systems as a whole.
4.1 DMUs
The goal of the DEA model proposed here is to measure the performance of the rancher decision.
Thus, the DMUs are the 21 beef cattle modal production systems, identified from the panel
discussions in 21 cities from seven Brazilian states.
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4.2 Variables
The variable selection in DEA is a step of great importance, as it determines the quality of the
results. A model with many variables can lead to an extremely benevolent assessment, with
several 100% efficient DMUs. In the case of cow-calf modal systems performance evaluation
the variables were chosen based on the preliminary study of Abreu et al. (2010). These variables
include biological and productive indices.
These variables are performance criteria, mostly calculated as rates or secondary variables. These
are the outputs of the DEA model, which has a single and unitary input. The following variables
were selected as outputs. Their values are summarized in Table 1.
Husbandry variables:
– Inverse of calving interval (IVCI): the interval between births corresponds to the time inter-
val between two subsequent parturitions. The reverse was used in order to follow the same
pattern of other variables: the higher the order of magnitude, the better the performance;
– Multiparous birth rate (MUBR): number of calves born during the annual cycle of birth, in
relation to the number of multiparous cows in the breeding herd;
– Cow Birth rate (CBR): number of calves born during the annual cycle of birth in relation
to the number of cows in the breeding herd.
Production variables:
– Number of calves (CAL): weaned calves in the herd during the annual cycle;
– Stocking rate (STKR): represents the number of animal units (beef cow with 450 kg of life
weight) retained in the farm per unit of area during the year;
– Extraction rate (EXTR): represents the production of the cow herd that is traded over the
annual livestock cycle.
It should be noted that since we used the Caporaletti et al. (1999) instead of the original DEA
CCR, there are no restrictions on the use of indices and ratios as variables.
4.3 Model
In this paper we used a unitary input DEA model, based on the approach proposed by Caporaletti
et al. (1999). In order to rank the counties in terms of their performance measures, according
to selected criteria, we used the inverted DEA frontier model. The goal is to obtain a total order
rather than getting the pre-order given by the classical efficiency measurement. For details on
pre-orders and orders see, for instance, Barba-Romero & Pomerol (1997). Using a non-technical
language, getting a strict order means to untie the originally efficient DMUs.
Pesquisa Operacional, Vol. 32(2), 2012
“main” — 2012/8/18 — 14:31 — page 398 — #10
398 UNITARY INPUT DEA MODEL TO IDENTIFY BEEF CATTLE PRODUCTION SYSTEMS TYPOLOGIES
Table 1 – Variables.
DMUs IVCI MUBR CBR CAL STKR EXTRMunicipality State
Alvorada TO 0,0714 0,8571 0,8041 147 0,4820 0,4193
Amambai MS 0,0714 0,8571 0,7728 143 0,7083 0,3950
Aquidauana MS 0,0500 0,6000 0,6439 713 0,4086 0,3553
Bonito MS 0,0645 0,7742 0,6825 166 0,6597 0,3521
Brasilaˆndia MS 0,0667 0,8000 0,6691 290 0,7747 0,3404
Camapua˜ MS 0,0556 0,6667 0,6276 65 0,5859 0,3340
Carlos Chagas MG 0,0667 0,8000 0,6836 297 0,7825 0,3364
Catala˜o GO 0,0625 0,7500 0,6910 81 1,2990 0,3924
Corumba´ MS 0,0417 0,5000 0,5590 455 0,2091 0,2716
Itamaraju´ BA 0,0556 0,6667 0,6076 44 0,6097 0,3152
Lavras do Sul RS 0,0625 0,7500 0,6600 58 0,5813 0,3247
Montes Claros MG 0,0588 0,7059 0,6313 47 0,8301 0,3370
Niquelaˆndia GO 0,0625 0,7500 0,7536 35 0,6126 0,4822
Paraı´so do Tocantins TO 0,0625 0,7500 0,7194 123 0,6825 0,3874
Porangatu GO 0,0556 0,6667 0,6639 46 0,5406 0,3837
Ribas do Rio Pardo MS 0,0667 0,8000 0,6948 143 0,5698 0,3583
Rio Verde GO 0,0625 0,7500 0,6989 196 0,9329 0,3812
Sa˜o Gabriel do Oeste MS 0,0556 0,6667 0,6476 95 0,9131 0,3470
Tupa˜ SP 0,0625 0,7500 0,6751 47 0,8849 0,3594
Uberaba MG 0,0667 0,8000 0,6770 66 1,0723 0,3045
Uberlaˆndia MG 0,0667 0,8000 0,6884 20 0,7248 0,3577
IVCI – inverse of calving interval, MUBR – multiparous cows birth rate, CBR – cows birth rate, CAL
– offspring produced, STKR – stocking rate, EXTR – extraction rate.
The use of the inverted frontier, instead of other techniques to increase discrimination, is justified
by the following issues:
(a) It is an increasing discrimination method that does not need the decision-makers value
judgments, which reduces the subjectivity;
(b) Among the existing methods, it is the easiest one. The Cross-Evaluation (Doyle & Green,
1994) and MCDEA-TRIMAP (Soares de Mello et al., 2009b; Climaco et al., 2010) require
more calculations and advanced concepts. In addition to being more cumbersome, they are
not easily interpreted by readers without strong DEA background.
(c) As we used a unitary input DEA model, the original DEA CCR would point out the DMU
with the highest value in any of the outputs as efficient, neglecting the other variables. The
inverted frontier also requires that a DMU must not have a bad performance in any of the
outputs, in order to have a good performance measurement.
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5 RESULTS
Table 2 shows the efficiency measurements in relation to the original and to the inverted DEAfrontiers, beyond the composite index. The composite index is normalized by its maximumvalue, in order to obtain measures that range from 0 to 1. The column “Ranking” is based on theresults of the normalized composite index (column “Composite”). Table 2 was obtained usingthe SIAD software (Angulo Meza et al., 2005a, 2005b).
Table 2 – Efficiency measurements and composite index.
DMU State Original Inverted Composite Ranking
Alvorada TO 1,0000 0,9614 0,8509 10
Amambaı´ MS 1,0000 0,7794 1,0000 1
Aquidauana MS 1,0000 0,8681 0,9273 4
Bonito MS 0,9189 0,8728 0,8570 8
Brasilaˆndia MS 0,9986 0,8712 0,9236 5
Camapua˜ MS 0,8138 0,9879 0,6766 19
Carlos Chagas MG 1,0000 0,8663 0,9288 2
Catala˜o GO 1,0000 0,8746 0,9219 6
Corumba´ MS 0,8132 1,0000 0,6662 20
Itamaraju´ BA 0,7946 1,0000 0,6510 21
Lavras do Sul RS 0,8750 1,0000 0,7168 17
Montes Claros MG 0,8684 0,9622 0,7424 16
Niquelaˆndia GO 1,0000 1,0000 0,8192 12
Paraı´so do Tocantins TO 0,9385 0,8558 0,8870 7
Porangatu GO 0,8628 1,0000 0,7068 18
Ribas do Rio Pardo MS 0,9365 0,8974 0,8513 9
Rio Verde GO 0,9815 0,8486 0,9281 3
Sa˜o Gabriel do Oeste MS 0,8888 0,9707 0,7521 15
Tupa˜ SP 0,9234 0,9069 0,8328 11
Uberaba MG 1,0000 1,0000 0,8192 13
Uberlaˆndia MG 0,9437 1,0000 0,7731 14
From the 21 beef cattle modal production systems evaluated, which performed only the cow-calfstage, seven were DEA efficient: Alvorada, Amambaı´, Aquidauana, Catala˜o, Carlos Chagas,Niquelaˆndia, and Uberaba. The DMUs Alvorada and Amambaı´ have the highest values of IVCIand MUBR. Alvorada also has the largest value of CBR. The highest values of the outputs CAL,STKR and EXTR are presented respectively by Aquidauana, Catala˜o and Niquelaˆndia.
Uberaba and Niquelaˆndia were efficient from the opposite point of view. Along with Corumba´,Itamaraju´, Lavras do Sul, Porangatu and Uberlaˆndia, these DMUs comprise the inverted frontier,i.e. these DMUs are the ones with the worst performances. Corumba´ has the lowest values forall outputs, except the lowest number of calves, which belongs to Uberlaˆndia.
According to the normalized composite performance index, Amambaı´ was the county with thebest performer modal production system. This city had good performance both for biological and
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production indices. Taken individually, the modal system of this municipality did not provide anyindex better than other modal system. On the other hand, the modal system of the municipalityof Itamaraju´ had the worst performance, according to the same criteria, although it was not theworst performer in the various indices discussed. The result is consistent with that observed byAbreu et al. (2006).
Abreu et al. (2010) identified four groups of beef cattle production systems, based on three hus-bandry and three production variables. The authors employed multivariate analysis and clustersmethods to that end, as described by Zambrano and Lima (2004). They noticed that two la-tent factors: “reproductive efficiency factor” and “shelf-life of beef cattle management factor”.Through multivariate and canonical discriminant analysis, and considering 21 beef cattle systemsthat performed only the cow-calf phase and 11 that performed the complete cycle, Abreu et al.(2011) found strongly discriminated groups. This analysis reflected the different technologicallevels of the cow-calf and of the complete cycle production systems in the country, from the mostextensive in the Pantanal region to the more intensive ones.
In the DEA literature there are some proposals to group DMUs based on efficiency measures.One of these approaches is based on the isoefficiency layers, and is known as Tiered DEA model.The layers obtained by this model have been used as a ranking tool (Barr et al., 2000), which inmulticriteria context is known as a Pα, as defined by Roy and Bouyssou (1993). This model wasalso used to cluster DMUs, where each layer represents a group (Soares de Mello et al. 2005) orperformance level (Bougnol and Dula´, 2006). Gomes et al. (2009c) used this approach to groupfarmers according to categories of sustainability. This proposal is similar to Pβ multicriteriaproblem, as defined by Roy & Bouyssou (1993).
Isoefficiency layers are obtained as follows: the 100% efficient DMUs comprise the first layer.These DMUs are removed from the sample and a new DEA model is run. The efficient DMUsin this subset belong to the second layer. This procedure is repeated until there are no DMUsto withdraw. Figure 1 illustrates the procedure for the bi-dimensional case. DMUs A, B andC belong to the original DEA frontier and compose the 1st layer. The 2nd and 3rd layers arecomposed, respectively, by the units D and E, and F, G and H.
A
B
C
D
E
F
G
H
Figure 1. Isoefficiency layers. Figure 1 – Isoefficiency layers.
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Table 3 summarizes the results of the use of the isoefficiency layers approach to group the cow-calf modal production systems, according to the efficiency measurements calculated by the uni-tary input DEA model. We found five clusters. It should be noted that, for these layers, we usedonly the results on the efficient frontier and ignored the results of the inverted frontier.
The systems belonging to Group 1 are characterized by shorter calving intervals and higher birthrates, both for cows as for multiparous, with a high number of calves produced within each scaleof production. These systems were the best performers in relation to husbandry and productionaspects. All systems belonging to this group had the best performance value in, at least, oneindicator. The mean values for IVCI, MUBR, CBR, CAL, STKR and EXTR were, respectively,15.7 months, 77%, 72%, 212 calves, 0.76 animal unit per hectare and 38%. These mean valuesare higher than those of the other groups.
Table 3 – Cow-calf modal production systems clusters, according to the isoefficiency layers.
Group 1 Group 2 Group 3 Group 4 Group 5
Alvorada Brasilaˆndia Bonito Camapua˜ Itamaraju´
Amambai Corumba´ Porangatu Lavras do Sul
Aquidauana Paraı´so do Tocantins Sa˜o Gabriel do Oeste Montes Claros
Carlos Chagas Ribas do Rio Pardo Tupa˜
Catala˜o Rio Verde
Niquelaˆndia Uberlaˆndia
Uberaba
Group 2 modal systems have large scale of production, but negative correlation with other bio-logical and productive indices. These systems are probably grounded in large extensive cow-calfherds with large number of cows and calves. The average of the calves produced in this groupwas similar to Group 1 (204 calves), but other indicators were lower.
On the other hand, the modal systems of Group 3 have as main feature the stocking rate tobe negatively correlated (−0.74) with the extraction rate, which indicates systems in which thenumber of animals in the breeding herd tends to be excessive. These systems would need toadjust the stocking rate to achieve best performance indices. The average stocking rate wasestimated at 0.75 animal unit per hectare, similar to that observed in Group 1, but with the lowerzootechnical and productive performances.
Group 4 production systems show negative correlation between the extraction rate and the pro-duction indices IVCI (−0.75), MUBR (−0.75) and CBR (−0.94), but positive (0.70) betweenextraction rate and stocking rate. These systems likely have losses in animal production, becausethe efficient cow-calf production systems extraction rate should increase proportionally with thezootechnical indices best performance. The group, on average, has the lowest number of calvesproduced regarding the other groups.
The indices of the Itamaraju´ production system (Group 5) were handicapped, being among theworst performers, especially in relation to the birth rates of multiparous cows, which discardprimiparous. This was the most inefficient system in the sample.
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6 CONCLUDING REMARKS
In this paper we evaluated comparatively extensive livestock modal production systems thatperformed only the cow-calf stage. We measured the performance of these systems in 21 mu-nicipalities in Brazil, considering husbandry and production indicators. The unitary input DEAmodel with apparent input orientation, together with the efficiency measures generated by theinverted DEA frontier, allowed ranking these systems based on their performance. In accordancewith the characteristics of this type of model, it can be said that this is a multicriteria approachto DEA.
The unitary input DEA model was also used to group the DMUs through isoefficiency layers.This approach enabled clustering the modal production systems, according to the efficiency mea-sures. Each cluster can be understood as a cow-calf model production system typology. Theresults indicate that knowledge and processes management, managed together in a systemic way,are the most important factors for improving efficiency in beef cattle production systems.
Modal systems in Group 1 were characterized by outperforming others, both in husbandry (IVCI,MUBR and CBR), and in production variables (CAL, STKR and EXTR). Groups 2 and 3 had,respectively, CAL and STKR similar to that observed in Group 1, but with lower performancein other indicators. This probably occurred due to the Group 2 systems that are very extensive,with emphasis on the scale of production without balancing with other indices improvement.Modal systems of Group 3 showed high stocking rate in relation to the number of animals, whichprobably hampered the zootechnical performance and, consequently, the productive one. Group4 systems had weak performances and negative correlations between husbandry variables andEXTR. This indicates the need of a general analysis of the managerial aspects, as the expectedresult is that the improvement of production indices should provide more efficiency and thushigher EXTR (positive correlation between variables). For systems of Group 4 it was the reverse.Probably the husbandry indices were not reflected directly in increasing the number of calves,which may result from loss of animals through the production process, signaling the need formore efficient management. The Itamaraju´ modal system (Group 5) showed lower performancein most of the variables considered.
The beef cattle production systems in Brazil are developed in almost all municipalities, whichreflect the big range of production systems. Local conditions of natural resources, social and eco-nomic profile of the farmer, land ownership and land use, besides the economic conditions, arecauses of differences in the systems. In regional terms, natural resources play a fundamental rolein the classification of livestock systems. The use of DEA provided the proposal of typologies,which are important for public policies suggestions that may contribute to develop this economicactivity. Future studies will include the socio-environmental analysis that will provide supportto quantify sustainability, based on economic, social and environmental variables inherent to theactivity.
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